Objective-To determine the effectiveness of extended trained ambulance personnel (paramedics) for the management of out of hospital cardiac arrest. Methods-A retrospective cohort study of patients who suffered a cardiac arrest between 1 January 1992 and 31 July 1994, and who were transported to their local accident and emergency (A&E) department. Data were collected on basic demography, operational time intervals, and ambulance crew status. Further clinical data were collected, and outcome measures included status on arrival at A&E, status on leaving A&E (hospital admission), and status on leaving hospital. The data were analysed using univariate and multivariate techniques. Results-Univariate analysis showed the likelihood of arriving in A&E with a return of spontaneous circulation was more than doubled among patients attended by a paramedic crew compared with those attended by technicians (relative risk = 2.48, 95% confidence interval 1.34 to 4.60). The likelihood of successful hospital admission was also significantly increased (RR = 1.92, 95% CI 1.13 to 3.27); however, beyond this point, further survival benefits appeared to be much smaller. Similar findings were revealed using multivariate analysis. Second level modelling revealed further possible differences between paramedic and technician crews according to type of incident. Patients successfully admitted to hospital who died before discharge remained severely disabled between admission and death. Conclusions-There are marked short term survival advantages after cardiac arrest associated with paramedic care, but these probably diminish rapidly over time.
Abstract
Objective-To determine the effectiveness of extended trained ambulance personnel (paramedics) for the management of out of hospital cardiac arrest. Methods-A retrospective cohort study of patients who suffered a cardiac arrest between 1 January 1992 and 31 July 1994, and who were transported to their local accident and emergency (A&E) department. Data were collected on basic demography, operational time intervals, and ambulance crew status. Further clinical data were collected, and outcome measures included status on arrival at A&E, status on leaving A&E (hospital admission), and status on leaving hospital. The data were analysed using univariate and multivariate techniques. Results-Univariate analysis showed the likelihood of arriving in A&E with a return of spontaneous circulation was more than doubled among patients attended by a paramedic crew compared with those attended by technicians (relative risk = 2.48, 95% confidence interval 1.34 to 4.60). The likelihood of successful hospital admission was also significantly increased (RR = 1.92, 95% CI 1. 13 because it had become apparent that long delays on scene resulted, and the attendance of two crews at one incident sometimes reduced the availability of vehicles for other tasks. In cases where patients obviously died several hours ago, crews call the patient's general practitioner to certify death. All other patients are transported to the A&E department. When resuscitation is started it is always continued until arrival at the A&E department. Certain patients are certified dead in the emergency vehicle by A&E medical staff, according to the length and success of resuscitative efforts to date; these patients are classified as "brought in dead". The remainder enter the department for continued resuscitation. Almost all ongoing out of hospital cardiac arrests are transported to the A&E department, although a very small number of general practitioner (GP) referred patients who arrest during transit from their homes to the coronary care unit (CCU) of Nottingham's other main hospital continue their original journey if, at the time of the arrest, this is obviously very much closer.
We performed a retrospective cohort study of out of hospital cardiac arrests attended by a Nottinghamshire ambulance crew and transported to the A&E department between 1 January 1992 and 31 July 1994. Patients aged 15 years and over suffering cardiac arrest were identified from A&E computerised records and the admissions registers of the intensive therapy unit (ITU), high dependency unit (HDU), and CCU in the same hospital. All aetiologies were included. Patients brought in dead, declared dead on arrival, or who died in the A&E department were included, as were patients who arrested during transit. Hospital necropsy registers were also cross referenced to increase the chances of complete ascertainment. Interhospital transfers and incidents which involved the A&E flying squad were excluded. Details of prehospital care were obtained from ambulance patient report forms stored in A&E patient folders, or copies held at one of the 12 stops)" and transfer time (departure from scene to arrival at EM department)" in quartile bands, and the presence of a medical practitioner at the scene of the arrest. While retaining crew status in the model, other variables with the smallest effect on outcome were then removed one by one until those that remained all made a significant contribution to the model. Several interactions were of potential importance in determining if paramedic crews performed differently according to the presence of ventricular v other arrhythmia, cardiac v non-cardiac aetiology, and witnessed v unwitnessed arrest. These were explored by adding product terms to each model; those which significantly altered the model are described in the results. A separate model was constructed for each of the three stages in outcome. In addition three separate alternative models (based on smaller numbers because of missing data) were constructed to adjust for any potential effect on outcome brought about by our inclusion of patients who may have arrested after the arrival of the ambulance crew.
Based on an estimated 700 patients, the study size provided a power in excess of 90% to detect a difference of 10% v 20% survival (relative risk = 2.0) at P < 0.05, assuming a paramedic:technician ratio of 2:1; however, based on the 429 patients actually analysed, the study size provided a power in excess of 75% to detect this difference.
Results
During the study period, 734 patients who fulfilled the study criteria were transported to the A&E department, and ambulance patient reports were successfully retrieved for 508 (69.2%). Of the 226 missing ambulance reports, 215 (95. 1 %) related to patients known to have been brought in dead or declared dead on arrival. 
Discussion
In Britain there has been a phased introduction of paramedic ambulance staff between 1987 and the government-set deadline which expired in January 1996. All emergency ambulances should now contain at least one paramedic trained crew member; the time period under investigation in this study therefore represented a unique opportunity which is unlikely to be repeated outside the context of a randomised controlled trial. To our knowledge, this is the first British study to have considered the effectiveness of paramedic ambulance staff using multivariate analyses to adjust for other prognostic factors which might act as confounding variables, and also avoiding the problems of multiple subgroup analyses. In Nottinghamshire all emergency ambulance personnel can perform defibrillation; therefore the comparisons in this study test the effect of paramedic extended training. Emergency calls are assigned by selecting the nearest available vehicle, regardless of crew status; thus no conscious bias should have been introduced in the assignment of patients to either type of ambulance crew. As with all retrospective studies it is impossible to guarantee that all eligible patients were identified, however, all reasonable steps were taken to ensure complete ascertainment. Perhaps one inevitable criticism of this study is the extent of missing data (30%), despite exhaustive efforts to trace missing records; we accept that this a potential source of bias. While the data on the initial cardiac arrhythmia were not independently verified, previous work has shown that the use of semiautomatic external defibrillators (such as the ones used in Nottingham) by ambulance personnel produces a sensitivity and specificity of 82.4% and 99.7% respectively for the recognition of malignant ventricular arrhythmias. 6 The overall survival rate to hospital discharge after cardiac arrest was 6.5%; this value is remarkably similar to those described by other contemporary British data,'7"'-suggesting that our findings may be applicable to other areas of the United Kingdom. In the univariate analysis, the chances of a return of spontaneous circulation and hospital admission were both significantly increased for patients treated by paramedics. We did not detect any significant difference at the point of hospital discharge. The data strongly suggest that the initial survival advantage associated with paramedic care diminishes rapidly over time. A small retrospective study in Hampshire has produced similar results: the proportion of patients who regained spontaneous circulation after paramedic care increased significantly by 75%, but the proportion surviving to hospital discharge did not increase in parallel.'0 Important comparative data have also been produced by Shuster et al from Ontario, Canada. These researchers compared the effectiveness of paramedics versus technicians trained in defibrillation for the management of acute cardiac illness.20 By using multiple regression, they concluded that in an urban setting, where transport times were on average less than 10 minutes, the availability of prehospital paramedic care was unimportant.20 Guly et al failed to show any difference in effectiveness between paramedic and technician crews for the management of out of hospital cardiac arrests.9 A closer examination of these data suggests that paramedics were possibly less effective than technicians (survival to discharge: 5.4% v 9.5%, P = 0.087)9; in contrast our study showed a small benefit in favour of paramedic crews which was similarly nonsignificant (8.1% v 6.3%, P = 0.63 The presence of a doctor at the scene of the arrest was strongly associated with improved survival to hospital discharge. This result is almost certainly due to selection bias. General practitioners are less likely than ambulance crews to be called to patients who suddenly collapse; furthermore GPs confronted by a cardiac arrest during the course of a domiciliary visit will be most likely to call an emergency ambulance and begin resuscitating the patient when they believe the chances and benefits of survival would be worthwhile. Thus among patients where the GP was already in attendance at the time of the arrest, possibly only those with the best prognoses are included in this study.
Second level modelling using product terms revealed several interesting trends. In the first model (status on arrival at A&E) paramedics were not significantly better than technicians in managing ventricular arrhythmias. This trend is consistent with the fact that defibrillatory shock (by far the most effective treatment for ventricular fibrillation) is performed by both types of crew. In contrast, cardiac drugs (given only by paramedics) may be the only potentially useful treatment for the prehospital management of non-ventricular arrhythmias; this may explain why paramedics produced significantly improved short term survival compared with technicians in these circumstances. In the third model (status on leaving hospital) there was a trend towards increased survival among patients with cardiac aetiologies who were managed by paramedics, whereas this finding was reversed for patients with non-cardiac aetiologies (predominantly trauma). This finding was unexpected; however, it may reflect the controversy about whether it is better to "stay and stabilise" trauma patients (as exemplified by paramedic care) or to "scoop and run" (the only option for technician crews).
This paper provides new information on the effectiveness of paramedic versus technician ambulance staff for the management of out of hospital cardiac arrest. The available data suggest that the use ofparamedic training and skills has a major impact on intermediate outcomes such as return of spontaneous circulation on or before arrival in the A&E department (especially for non-ventricular arrhythmias), and successful hospital admission. Our study lacked sufficient statistical power to fully consider longer term outcomes; these are the focus of another ongoing study in Nottingham. However, the size of any survival benefit appears to decline rapidly over time and may be confined to patients with cardiac aetiologies.
In reaching our conclusions, we have examined only one of the many roles played by paramedics within a modern emergency medical system; in Nottingham, cardiac arrests constitute only 4-5% of all emergency ambulance calls (Nottinghamshire Ambulance Service NHS Trust, unpublished observations, 1996). Further large studies are required to confirm or refute our findings, and evaluate the role of paramedics in other emergency situations such as severe trauma, and respiratory and metabolic emergencies. Only then will it be safe to fully justify or challenge this programme of patient care. 
